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[57] ABSTRACT 

The present invention provides a nucleic acid having a 
nucleotide sequence coding for Sor h I, a major allergen of 
Sorghum halepense, and fragments thereof. The present 
invention also provides puri?ed Sor h I or at least one 
fragment thereof, produced in a host cell transformed with 
a nucleic acid sequence coding for Sor h I, or at least one 
fragment thereof and fragments of Sor h prepared syntheti 
cally. Sor h I and fragments thereof are useful for diagnos 
ing, treating, and preventing allergy to Johnson grass pollen. 

9 Claims, 12 Drawing Sheets 
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ALLERGENIC PROTEINS FROM JOHNSON 
GRASS POLLEN 

BACKGROUND OF THE INVENTION 

Genetically predisposed individuals, who make up about 
10% of the population, become hypersensitized (allergic) to 
antigens from a variety of environmental sources to which 
they are exposed. Those antigens that can induce immediate 
and/or delayed types of hypersensitivity are known as aller 
gens. (King, T. P., Adv. Immunl. 23:77-105, (1976)). Ana 
phylaxis or atopy, which includes the symptoms of hay 
fever, asthma, and hives, is one form of immediate allergy. 
It can be caused by a variety of atopic allergens, such as 
products of grasses, trees, weeds, animal dander, insects, 
food, drugs, and chemicals. 
The antibodies involved in atopic allergy belong primarily 

to the IgE class of immunoglobulins. IgE binds to mast cells 
and basophils. Upon combination of a speci?c allergen with 
IgE bound to mast cells or basophils, the IgE may be 
cross-linked on the cell surface, resulting in the physiologi 
cal effects of IgE-antigen interaction. These physiological 
effects include the release of, among other substances, 
histamine, serotonin, heparin, a chemotactic factor for eosi 
nophilic leukocytes and/or the leukotrienes, C4, D4, and E4, 
which cause prolonged constriction of bronchial smooth 
muscle cells (Hood, L. E. et al. Immunology (2nd ed.), The 
Benjamin/Cumming Publishing Co., Inc. (1984). These 
released substances are the mediators which result in allergic 
symptoms caused by a combination of IgE with a speci?c 
allergen. Through them, the effects of an allergen are mani 
fested. Such effects may be systemic or local in nature, 
depending on the route by which the antigen entered the 
body and the pattern of deposition of IgE on mast cells or 
basophils. Local manifestations generally occur on epithelial 
surfaces in the location at which the allergen entered the 
body. Systemic e?ects can include anaphylaxis (anaphylac 
tic shock), which is the result of an IgE-basophil response to 
circulating (intravascular) antigen. 
The sub-tropical grass Sorghum halepense (Johnson 

grass) is representative of a genus which is widely cultivated 
as a cereal grain plant. Sorghums are the major cereal grain 
cropped in Africa and are also cultivated in the US, India, 
Pakistan and northern China. Johnson grass is heat resistant 
and well adapted to warm conditions. The pollen of Johnson 
grass, Bahia and Bermuda grass constitute the allergenically 
important grass pollens in the southern United States 
(French and Major, J. Allergy l:286—29l (1930); Martin et 
al., Ann. Allergy 54:992-104 (1985)). Both Johnson grass 
and Bahia are members of the subfamily Panicoideae, which 
also includes the economically important genera Saccharum 
(sugar cane) and Zea (maize) (Watson, 1990, Reproductivity 
Versatility in the Grasses (G.- P. Chapman ed.) Cambridge 
University Press, pp. 258-265)). 
The allergenic importance of Johnson grass in areas 

where it has wide distribution has been reported in the 
literature (French and Major, 1930, supra). It appears to 
share allergenicity with both Bermuda grass from subfamily 
Chlorideae, and the temperate grasses of subfamily Poo 
ideae (Martin et al., 1985, supra). The Group I allergen of 
Johnson grass has been shown to have antigenic cross 
reactivity with other Group I allergens (Singh and Knox, Int. 
Arch. Alll. Appl. Immunol. 72z243~248 (1985)). 

Treatment of sensitivity to grass pollen allergens by 
administration of pollen extract to effect hyposensitization to 
the allergen has been attempted. Hyposensitization using 
pollen extract, however, has drawbacks in that it can elicit 
anaphylaxis if high doses are used, whereas when low doses 
are used to avoid anaphylaxis, treatment must be continued 
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for several years to build up a tolerance for the extract. 
Despite the attention grass pollen allergens have received, 
definition or characterization of the Johnson grass pollen 
allergens responsible for its adverse effects on people is far 
from complete. 

SUMMARY OF THE INVENTION 

The present invention provides nucleic acid sequences 
coding for Sor h I, the major pollen allergen of Sorghum 
halepense, and fragments thereof. The present invention also 
provides isolated Sor h I protein or at least one fragment 
thereof produced in a host cell transformed with a nucleic 
acid having a nucleotide sequence coding for Sor h I or at 
least one fragment thereof, and isolated fragments of Sor h 
I prepared synthetically. As used herein, a fragment of the 
nucleic acid sequence coding for the entire amino acid 
sequence of Sor h I refers to a nucleotide sequence having 
fewer bases than the nucleotide sequence coding for the 
entire amino acid sequence of Sor h I and/or mature Sor h 
I. Such protein, and fragments thereof, are useful for diag 
nosing, treating, and preventing sensitivity to Johnson grass 
pollen allergens. This invention is more particularly 
described in the appended claims and is described in its 
preferred embodiments in the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows immunoblot analysis of Johnson grass 
pollen proteins from di?erent tissues. Panel A: protein 
pro?les revealed by Coomassie Brilliant Blue R250 staining. 
Panel B: antibodies from pooled sera of grass pollen allergic 
individuals. Panel C: mAb FMC-Al, Panel D: mAb CdI 
lDl, Panel E: mAb CdI-3A2 and Panel F: mAb CdI-4D2. 
FIG. 2 shows immunoblot analysis of Johnson grass 

pollen proteins from different suppliers. The blots were 
probed with monoclonal antibodies as follows. Panel 
A:FMC-Al; Panel B:Cdl-1Dl; Panel CzCdI-3A2; Panel 
D:Cdl-4D2; Panel E:FMC-A7; Panel F:LplX-3A; and Panel 
GzLpIX-4A. 

FIG. 3 shows Western blots of soluble Johnson grass 
pollen proteins probed with monoclonal antibodies and sera 
from allergic patients. 

FIG. 4 is a schematic representation of the sequencing 
strategy and map of Sor h I clone 35. 

FIG. Sis the nucleotide sequence (SEQ ID NO: 1) and the 
deduced amino acid sequence (SEQ ID NO: 2) of Sor h I 
clone 35. 

FIG. 6 is the hydrophobicity pro?le of Sor h I. 
FIG. 7 is a comparison of the nucleotide sequences of rye 

grass allergen Lol p I (SEQ ID NO: 3) and Johnson grass 
allergen Sor h I (SEQ ID NO: 1). The dots in the Sor h I 
sequence represent homology with Lol p I. 

FIG. 8 is a comparison of the deduced amino acid 
sequences of Lol p I (SEQ ID NO: 4) and Sor h I (SEQ ID 
NO: 2). Identical residues are shown by colons. The similar 
residues are indicated by “s”. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides nucleic acid sequences 
coding for Sor h I, a major allergen found in Johnson grass 
pollen. The nucleic acid sequence coding for Sor h I 
preferably has the sequence shown in FIG. 5 (SEQ ID NO: 
1). Sequence analysis of the Sor h I clone 38 revealed that 
the cDNA insert is 1072 nucleotide long and contains 3 
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possible in-frame ATG start codons at nucleotide positions 
25, 37 and 40. The ATG codon at position 40 is proposed as 
the site for translateion initiation. This corresponds to an 
open reading frame of 783 nucleotides terminating with a 
TAA stop codon at position 823 and coding for a protein of 
261 amino acids. See FIG. 5 (SEQ ID NO: 1 and 2). A host 
cell transformed with a vector containing the cDNA insert of 
clone 3S has been deposited with the American Type Culture 
Collection ATCC No. 69106 on Oct. 28, 1992. 
The predicted amino acid sequence of Sor h I clone 38 has 

a putative signal peptide sequence of 23 amino acids. This 
signal peptide is hydrophobic and contains small chain 
amino acids in positions --1 and —3 relative to the peptide 
cleavage site. Thus, the mature processed Sor h I protein is 
238 amino acids with a calculated molecular mass of 25.8 
kD. There is one possible asparagine-linked glycosylation 
site at the asparagine residue at position 9 (FIG. 5), in the 
hydrophilic region of the protein, which conforms to the 
consensus sequence Asn-X-Ser/Thr. Utilization of this gly 
cosylation site will increase the molecular weight and affect 
the pI of the mature protein. 
The sequence of an additional Sor h I clone, clone 2S 

corresponds to 451 nucleotides between positions 594 and 
945 in the clone 3S sequence. It is expected that there are 
nucleotide sequence polymorphisms in Sor h I, and it will be 
appreciated by one skilled in the art that one or more 
nucleotides (up to about 1% of the nucleotides) in the 
nucleic acid sequence coding for Sor h I may vary among 
individual Sorghum halepense plants due to natural allelic 
variation. Any and all such nucleotide variations and result 
ing amino acid polymorphisms are within the scope of the 
invention. Furthermore, there may be one or more family 
members of Sor h I. Such family members are de?ned as 
proteins related in function and amino acid sequence to Sor 
h I but encoded by genes at separate genetic loci. 
The Group I allergen of Johnson grass, Sor h I is similar 

to Lol p I, a major allergen of rye-grass pollen, in many 
aspects. Sor h I has a molecular mass around 35 kD and 
antigenic cross-reactivity with anti-Lol p I and anti-Cyn (II 
(a major allergen of Bermuda grass) monoclonal antibodies. 
Similar to Lol 0 I, Sor h I shows tissue speci?c expression 
and is detected only in pollen. It shares extensive homology 
with [01 p I in terms of both nucleotide and amino acid 
sequence (see FIG. 7, SEQ ID NO: 3 and FIG. 8, SEQ ID 
NO: 4). 

Comparison of the region identi?ed as the allergenically 
important site in Group I allergens of ?ve grasses (i.e., Lol 
p I (SEQ ID NO: 8), Fes e I (SEQ ID NO: 9), Agr a I (SEQ 
ID NO: 10), Poap I (SEQ ID NO: 11) and Ant 0 I (SEQ ID 
NO: 12)) with the corresponding sequence in Johnson grass 
(SEQ ID NO: 13) reveals that Sor h I is also highly 
conserved in this region (see Table IV). Although there is a 
difference of 6 amino acids in this region, 3 of these are 
conservative. It is of interest to note that differences were 
observed between Lol p I and the other 4 grasses studied in 
positions 7, 9, 11, 21 and 26 (Esch and Klapper, Mol. 
ImmunoL, 26:557-561 (1989)). Three of these positions, 9, 
11 and 26 coincide with those where differences were 
observed in Sor h I. In fact, in one of the isoforrns of Lol p 
I, Phe replaces the Val residue at position 11 (Perez et a1. 
(1990) J. Biol, Chem. 265:16210-16215). This may suggest 
that these residues are not as important in terms of epitope 
structure. Alternatively, lysine, which may be involved in 
epitope structure is conserved among the ?ve grasses and 
one of these residues at position 8 falls within a putative 
antigenic determinant predicted by a Hopp and Woods, 
(1983) hydrophilicity index plot (Esch and Klapper, supra, 
1989). 
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There was no concordance in the patterns of IgE binding 

from grass allergic patients’ sera between Sor h I and Lol p 
I, despite the extensive homology observed in the region 
described as the allergenic determinant in terms of IgE 
binding for Lol p 1. One possible explanation for this is that 
separate exposure is required for sensitization to Sor h I. A 
similar conclusion was reported for Bermuda grass by 
Schumacher et al., (Ann. Allergy, 55 :584—587 (1985)), who 
reported that patients sensitized to Bennuda grass do not 
possess IgE antibodies that show signi?cant reactivity with 
other grass pollen allergens. In the case of patients with IgE 
antibodies to several grasses, including Bermuda grass, 
sensitivities to the non-Bermuda grasses require exposure to 
at least one of them. This is in contrast to the observations 
of Matthiesen and Lowenstein, (Clin. Exp. Allergy 
21:309-320 (1991)), who found IgE antibodies against 
Bermuda grass in Danish grass pollen allergic patients, 
although Bermuda grass is not found in Denmark. 

Fragments of the nucleic acid sequence coding for protein 
fragments of Sor h I are within the scope of the invention. 
Fragments within the scope of the invention include those 
coding for fragments of Sor h I which induce an immune 
response in mammals, preferably humans, such as stimula 
tion of minimal amounts of IgE; binding of IgE; eliciting the 
production of IgG and IgM antibodies; or the eliciting of a 
T cell response such as proliferation and/or lymphokine 
secretion and/or the induction of T cell energy. The forego 
ing fragments of Sor h I are referred to herein as antigenic 
fragments. Nucleic acid fragments within the scope of the 
invention also include those capable of hybridizing with 
nucleic acid from other plant species for use in screening 
protocols to detect allergens that are cross-reactive with Sor 
h I. As used herein, a fragment of the nucleic acid sequence 
coding for Sor h I refers to a nucleotide sequence having 
fewer bases than the nucleotide sequence coding for the 
entire amino acid sequence of Sor h I and/or mature Sor h 
1. Generally, the nucleic acid sequence coding for the 
fragment or fragments of Sor h I will be selected from the 
bases coding for the mature protein, however, in some 
instances it may be desirable to select all or a part of a 
fragment or fragments from the leader sequence portion of 
the nucleic acid sequence of the invention. Such nucleic acid 
sequences may also contain linker sequences, modi?ed 
restriction endonuclease sites and other sequences useful for 
cloning, expression or puri?cation of Sor h I or fragments 
thereof. 
A nucleic acid sequence coding for Sor h I may be 

obtained from Sorghum halepense plants. It may also be 
possible to obtain the nucleic acid sequence coding for Sor 
h I from genomic DNA. Sorghum halepense is a well»known 
species of cereal grain, and plant material may be obtained 
from wild, cultivated, or ornamental plants. The nucleic acid 
sequence coding for Sor h I can be obtained using the 
method disclosed herein or any other suitable techniques for 
isolation and cloning of genes. The nucleic acid sequences 
of the invention may be DNA or RNA. 

The present invention provides expression vectors and 
host cells transformed to express the nucleic acid sequences 
of the invention. A nucleic acid sequence coding for Sor h 
I, or at least one fragment thereof, can be expressed in 
bacterial cells such as E. coli, insect cells (baculovirus), 
yeast, or mammalian cells such as Chinese hamster ovary 
cells (CHO). Suitable expression vectors, promoters, 
enhancers, and other expression control elements can be 
found in Sambrook et al., Molecular Cloning: A Laboratory 
Manual, second edition, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY. (1989). Other suitable 
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expression vectors, promoters, enhancers, and other expres 
sion elements are known to those skilled in the art. Expres 
sion in mammalian, yeast or insect cells leads to partial or 
complete glycosylation of the recombinant material and 
formation of any inter- or intra-chain disul?de bonds. Suit 
able vectors for expression in yeast include YepSecl (Baldari 
et al., (1987) Emba J. 6:229—234); pMFa (Kurjan and 
Herskowitz (1982) Cell 30:933-943); JRY88 (Schultz et al, 
(1987) Gene 542113-123) and pYES2 (Invitrogen Corpora 
tion, San Diego, Calif). These vectors are freely available. 
Baculovirus and mammalian expression systems are also 
available. For example, a baculovirus system is commer 
cially available (PharMingen, San Diego, Calif.) for expres 
sion in insect cells while the pMSG vector is commercially 
available (Pharmacia, Piscataway, NJ.) for expression in 
mammalian cells. 

For expression in E. coli, suitable expression vectors 
include, among others, pTRC (Amann et al. (1988) Gene 
69:301-315); pGEX (Amrad Corp., Melbourne, Australia); 
pMAL (N .E. Biolabs, Beverly, Mass); pRlTS (Pharmacia, 
Piscataway, N.J.); pET-lld (Novagen, Madison, Wis.) 
Jameel et al., (1990) J. Virol 64:3963-3966; and pSEM 
(Knapp et a1, (1990) BioTechniques 8280-281). The use of 
pTRC, and pET-lld, for example, will lead to the expression 
of unfused protein. The use of pMAL, pRITS pSEM and 
pGEX will lead to the expression of allergen fused to 
maltose E binding protein (pMAL), protein A (pRITS), 
truncated B-galactosidase (PSEM), or glutathione S-trans 
ferase (pGEX). 
When Sor h I, a fragment, or fragments thereof is 

expressed as a fusion protein, it is particularly advantageous 
to introduce an enzymatic cleavage site at the fusion junc 
tion between the carrier protein and Sor h I, or fragment 
thereof. Sor h I or fragment thereof can then be recovered 
from the fusion protein through enzymatic cleavage at the 
enzymatic site and biochemical puri?cation using conven 
tional techniques for puri?cation of proteins and peptides. 
Suitable enzymatic cleavage sites include those for blood 
clotting Factor Xa or thrombin for which the appropriate 
enzymes and protocols for cleavage are commercially avail 
able from, for example, Sigma Chemical Company, St. 
Louis, Mo. and NE. Biolabs, Beverly, Mass. 

Suitable vectors may have different promoter regions 
allowing constitutive or inducible expression with, for 
example, IPTG induction (PRTC, Amann et al., (1988) 
supra; pET-lld, Novagen, Madison, Wis.) or temperature 
induction (pRlTS, Pharmacia, Piscataway, NJ.) It may also 
be appropriate to express recombinant Sor h I in different E. 
coli hosts that have an altered capacity to degrade recom 
binantly expressed proteins (e.g., U.S. Pat. No. 4,758,512). 
Alternatively, it may be advantageous to alter the nucleic 
acid sequence to use codons preferentially utilized by E. 
coli, where such nucleic acid alteration would not alfect the 
amino acid sequence of the expressed protein. 

Host cells can be transformed to express the nucleic acid 
sequences of the invention using conventional techniques 
such as calcium phosphate or calcium chloride co-precipi 
tation, DEAE-dextran-mediated transfection, or electropo 
ration. Suitable methods for transforming the host cells can 
be found in Sambrook et al. supra, and other laboratory 
textbooks. 
The nucleic acid sequences of the invention can also be 

chemically synthesized using standard techniques. 
The present invention also provides a method of produc 

ing isolated Sor h I protein, or at least one isolated fragment 
thereof. A host cell transformed with a DNA sequence 
encoding Sor h I or fragment thereof, is cultured in an 
appropriate medium to produce a mixture of cells and 
medium containing Sor h I protein, or fragment thereof. The 
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mixture is puri?ed to produce substantially pure Sor h I 
protein, or at least one fragment thereof. Suitable mediums 
for cell culture are well known in the art. Sor h I protein and 
peptides can be puri?ed from cell culture medium, host 
cells, or both using techniques known in the art for purifying 
peptides and proteins including ion-exchange chromatogra 
phy, gel ?ltration chromatography, ultra?ltration, electro 
phoresis and immunopuri?cation with antibodies speci?c 
for Sor h I or fragments thereof. The terms isolated and 
puri?ed are used interchangeably herein and refer to pep 
tides, protein, protein fragments, and nucleic acid sequences 
substantially free of cellular material or culture medium 
when produced by recombinant DNA techniques, or chemi 
cal precursors or other chemicals when synthesized chemi 
cally. 

Fragments of an allergen from Johnson grass pollen, 
eliciting a desired antigenic response (referred to herein as 
antigenic fragments) may be obtained, for example, by 
screening peptides recombinantly produced from the corre 
sponding fragment of the nucleic acid sequence of Sor h I 
coding for such peptides. In addition, fragments can be 
chemically synthesized using techniques known in the art. 
For example, the allergen may be arbitrarily divided into 
fragments of a desired length, with no overlap of the 
fragments, or preferably divided into overlapping fragments 
of a desired length. The fragments are tested to determine 
their antigenicity (e.g., the ability of the fragment to induce 
an immune response in a mammal). If fragments of Sor h I 
are to be used for therapeutic purposes, then the fragments 
which are capable of eliciting a T cell response, such as 
stimulation (i.e., proliferation or lymphokine secretion) and/ 
or are capable of inducing T cell anergy are particularly 
desirable. 

Fragments of Sor h I which have minimal IgE stimulating 
activity are also desirable. Minimal IgE stimulating activity 
refers to IgE stimulating activity which is less than the 
amount of IgE production stimulated by puri?ed, native Sor 
h I protein. Additionally, for therapeutic purposes, isolated 
Sor h I, and fragments thereof, preferably do not bind IgE 
speci?c for Johnson grass or bind such IgE to a substantially 
lesser extent than the puri?ed native Johnson grass allergen 
binds such IgE. If the isolated Sor h I or fragment thereof 
binds IgE, it is preferable that such binding does not result 
in the release of mediators (e.g., histamines) from mast cells 
or basophils. 

Isolated Sor h I, or preferred antigenic fragments thereof, 
when administered to an individual sensitive to Johnson 
grass pollen, are capable of modifying the allergic response 
of the individual to Johnson grass pollen. Additionally, 
isolated Sor h I, or preferred antigenic fragments can be 
administered to an individual allergic to an allergen cross 
reactive with a Johnson grass allergen, such as an allergen 
from the pollen of lolium perenne or Cynodon dactylan to 
modify the allergic response of the individual to such 
cross-reactive allergen. Preferably, administration of iso 
lated Sor h I or an antigenic fragment thereof to an indi 
vidual modi?es the B-cell response, T-cell response or both 
the B-cell and the T-cell response of the individual to the 
allergen. As used herein, modi?cation of the allergic 
response of an individual sensitive to a Johnson grass pollen 
allergen can be de?ned as non-responsiveness or diminution 
in symptoms to the allergen, as determined by standard 
clinical procedures (See e.g., Varney et al., British Medical 
Journal, 302:265-269 (1990)), including diminution in 
Johnson grass pollen induced asthmatic symptoms. As 
referred to herein, a diminution in symptoms includes any 
reduction in the allergic response of an individual to the 
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allergen following a treatment regimen with a peptide or 
protein of the invention. This diminution in symptoms may 
be determined subjectively (i.e., the patient feels more 
comfortable upon exposure to the allergen), or clinically 
such as with a standard skin test. 

The isolated Sor h I protein or isolated fragments thereof 
are preferably tested to determine therapeutic effectiveness 
in appropriate mammalian models such as the mouse model 
disclosed in Tamura et al. (1986) Microbiol. Immunol. 
30:883-896 and US. Pat. No. 4,939,239,'or the primate 
model disclosed in Chiba et all (1990) Int. Arch. Allergy 
Immunol. 93:83-88. Initial screening for IgE binding to Sor 
h I protein or fragments thereof may be performed by scratch 
tests or intradermal skin tests on laboratory animals or 
human volunteers, or in in vitro systems such as RAST 
(radioallergosorbent test), RAST inhibition, ELISA assay, 
radioimmunoassay (RIA), or histamine release. 

Isolated antigenic fragments or peptides which have T cell 
stimulating activity, and thus comprise at least one T cell 
epitope of Sor h I are particularly desirable. T cell epitopes 
are believed to be involved in initiation and perpetuation of 
the immune response to a protein allergen which is respon 
sible for the clinical symptoms of allergy. These T cell 
epitopes are thought to trigger early events at the level of the 
T helper cell by binding to an appropriate I-HsA molecule on 
the surface of an antigen presenting cell and stimulating the 
relevant T cell subpopulation. These events lead to T cell 
proliferation, lymphokine secretion, local in?ammatory 
reactions, recruitment of additional immune cells to the site, 
and activation of the B cell cascade leading to production of 
antibodies. One isotype of these antibodies, IgE, is funda 
mentally important to the development of allergic symptoms 
and its production is in?uenced early in the cascade of 
events, at the level of the T helper cell, by the nature of the 
lymphokines secreted. A T cell epitope is the basic element 
or smallest unit of recognition by a T cell receptor, where the 
epitope comprises amino acids essential to receptor recog 
nition. Amino acid sequences which mimic those of the T 
cell epitopes and which modify the allergic response to 
protein allergens are within the scope of this invention. 

Exposure of allergic individuals to isolated Sor h I or an 
isolated peptide which comprises at least one T cell epitope 
of Sor h I, may tolerize or anergize appropriate T cell 
subpopulations such that they become unresponsive to the 
protein allergen and do not participate in stimulating an 
immune response upon such exposure. In addition, admin 
istration of the protein allergen of the invention or peptide 
which comprises at least one T cell epitope may modify the 
lymphokine secretion pro?le as compared with exposure to 
the naturally-occurring protein allergen or portion thereof 
(e. g., result in a decrease of IL-4 and/or an increase in HJ-2). 
Furthermore, exposure to such peptide or protein allergen 
may in?uence T cell subpopulations which normally par 
ticipate in the response to the allergen such that these T cells 
are drawn away from the site(s) of normal exposure to the 
allergen (e.g., nasal mucosa, skin, and lung) towards the 
site(s) of therapeutic administration of the fragment or 
protein allergen. This redistribution of T cell subpopulations 
may ameliorate or reduce the ability of an individual’s 
immune system to stimulate the usual immune response at 
the site of normal exposure to the allergen, resulting in a 
dimunution in allergic symptoms. 
The isolated Sor h I protein and isolated fragments or 

portions derived therefrom (peptides) can be used in meth 
ods of diagnosing, treating and preventing allergic reactions 
to Johnson grass pollen allergens or an immunologically 
cross-reactive protein allergen. Thus, the present invention 
provides therapeutic compositions comprising isolated Sor h 
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8 
I, or at least one fragment thereof, produced in a host cell 
transformed to express Sor h I or at least one fragment 
thereof, and a pharmaceutically acceptable carrier or diluent. 
The therapeutic compositions of the invention may also 
comprise isolated Sor h I protein or at least one isolated 

7 fragment thereof produced by chemical synthesis. 
Administration of the therapeutic compositions of the 

present invention to an individual to be desensitized can be 
carried out using known techniques. Sor h I protein, or at 
least one isolated fragment thereof, can be administered to 
an individual in combination with, for example, an appro 
priate diluent, a carrier and/or an adjuvant. Pharmaceutically 
acceptable diluents include saline and aqueous buffer solu 
tions. Pharmaceutically acceptable carriers include polyeth 
ylene glycol (Wie et al. (1981) Int. Arch. Allergy Appl. 
Immunol. 64:84-99) and liposomes (Strejan et al, (1984) J. 
Neuroimmunol. 7:27). For purposes of inducing T cell 
anergy, the therapeutic composition is preferably adminis 
tered in nonimmunogenic form, e.g., it does not contain 
adjuvant. Such compositions will generally be administered 
by injection (subcutaneous, intravenous, etc.), oral admin 
istration, inhalation, transdermal application or rectal 
administration. The therapeutic compositions of the inven 
tion are administered to individuals sensitive to Johnson 
grass pollen at dosages and for lengths of time effective to 
reduce sensitivity (i.e., reduce the allergic response) of the 
individual to Johnson grass pollen. Effective amounts of the 
therapeutic compositions will vary according to factors such 
as the degree of sensitivity of the individual to Johnson 
grass, the age, sex, and weight of the individual, and the 
ability of the Sor h I protein or fragment thereof to elicit an 
antigenic response in the individual. 
The Sor h I eDNA (or the mRNA from which it was 

transcribed) or a portion thereof may be used to identify 
similar sequences in any variety or type of plant and thus, to 
identify or “pull out” sequences which have sufficient 
homology to hybridize to the Sor h I cDNA or mRNA or 
portion thereof, under conditions of low stringency. Those 
sequences which have su?icient homology (generally 
greater than 40%) may be selected for further assessment 
using the method described herein. Alternatively, high strin 
gency conditions may be used. In this manner, DNA of the 
present invention may be used to identify, in other types of 
plants, preferably related families, genera, or species, 
sequences encoding polypeptides having amino acid 
sequences similar to that of Sor h I and, thus, to identify 
allergens in other species. 

Isolated allergenic proteins, or fragments thereof, that are 
immunologically related to Sor h I, such as by antibody 
cross-reactivity or T-cell cross-reactivity, other than those 
already identi?ed, are within the scope of the invention. 
Such proteins or fragments thereof bind antibodies speci?c 
for the protein and peptides of the invention or stimulate T 
cells speci?c for the protein and peptides of this invention. 

Proteins or peptides encoded by the cDNA of the present 
invention can be used, for example as “puri?ed” allergens. 
Such puri?ed allergens are useful in the standardization of 
allergen extracts which are key reagents for the diagnosis 
and treatment of allergy to Johnson grass. Furthermore, by 
using peptides based on the nucleic acid sequence of Sor h 
I, anti-peptide antisera or monoclonal antibodies can be 
made using standard methods. These sera or monoclonal 
antibodies can be used to standardize allergen extracts. 

Through use of the peptides and protein of the present 
invention, preparations of consistent, well-de?ned compo 
sition and biological activity can be made and administered 
for therapeutic purposes (e.g., to modify the allergic 
response of an individual sensitive to Johnson grass). 
Administration of such peptides or protein may, for 
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example, modify the cell response to Sor h I allergen, T-cell 
response to Sor h I allergen or both responses. Isolated 
peptides can also be used to study the mechanism of 
immunotherapy of allergy to Johnson grass pollen and to 
design modi?ed derivatives or analogues useful in immu 
notherapy. 
Work by others has shown that high doses of allergens 

generally produce the best results (i.e., greatest symptom 
relief). However, many people are unable to tolerate large 
doses of allergens because of allergic reactions to the 
allergens. Modi?cation of naturally-occurring allergens can 
be designed in such a manner that modi?ed peptides or 
modi?ed allergens which have the same or enhanced thera 
peutic properties as the corresponding naturally-occurring 
allergen but have reduced side effects (especially anaphy 
lactic reactions) can be produced. These can be, for example, 
a protein or peptide of the present invention (e. g., one having 
all or a portion of the amino acid sequence of Sor h I), or a 
modi?ed protein or peptide, or protein or peptide analogue. 

It is possible to modify the structure of a protein or 
peptide of the invention for such purposes as increasing 
solubility, enhancing therapeutic or preventive e?icacy, or 
stability (e. g., shelf life ex vivo, and resistance to proteolytic 
degradation in vivo). A modi?ed protein or peptide can be 
produced in which the amino acid sequence has been altered, 
such as by amino acid substitution, deletion, or addition, to 
modify immunogenicity and/or reduce allergenicity, or to 
which a component has been added for the same purpose. 
For example, the amino acid residues essential to T cell 
epitope function can be determined using known techniques 
(e. g., substitution of each residue and determination of the 
presence or absence of T cell reactivity). Those residues 
shown to be essential can be modi?ed (e.g., replaced by 
another amino acid whose presence is shown to enhance T 
cell reactivity), as can those which are not required for T cell 
reactivity (e.g., by being replaced by another amino acid 
whose incorporation enhances T cell reactivity but does not 
diminish binding to relevant MHC). Another example of a 
modi?cation of protein or peptides is substitution of cysteine 
residues preferably with alanine, serine, threonine, leucine 
or glutamic acid to minimize dimerization via disul?de 
linkages. Peptides of the invention can also be modi?ed by 
chemical modi?cation of amino acid side chains or cycliza 
tion of the peptide. 

In order to enhance stability and/or reactivity, the protein 
or peptides of the invention can also be modi?ed to incor 
porate one or more polymorphisms in the amino acid 
sequence of the protein allergen resulting from natural 
allelic variation. Additionally, D-amino acids, non-natural 
amino acids or non-amino acid analogues can be substituted 
or added to produce a modi?ed protein or peptide within the 
scope of this invention. Furthermore, proteins or peptides of 
the present invention can be modi?ed using the polyethylene 
glycol (PEG) method of A. Sehon and co-workers (Wie et al. 
supra) to produce a protein or peptide conjugated with PEG. 
In addition, PEG can be added during chemical synthesis of 
a protein or peptide of the invention. Modi?cations of 
proteins or peptides or portions thereof can also include 
reduction/alyklation (Tarr in: Methods of Protein Micro 
characterization, J. E. Silver ed. Humana Press, Clifton, 
N.J., pp. 155-194 (1986)); acylation (Tarr, supra); chemical 
coupling to an appropriate carrier (Mishell and Shiigi, eds, 
Selected Methods in Cellular Immunology, WH Freeman, 
San Francisco, Calif. (1980); U.S. Pat. No. 4,939,239; or 
mild formalin treatment (Marsh International Archives of 
Allergy and Applied Immunology, 41:199-215 (1971)). 

20 

25 

45 

55 

60 

65 

10 
To facilitate puri?cation and potentially increase solubil 

ity of proteins or peptides of the invention, it is possible to 
add reporter group(s) to the peptide backbone. For example, 
poly-histidine can be added to a peptide to purify the peptide 
on immobilized metal ion a?inity chromatography (Hochuli, 
E. et al., Bio/Technogy, 6:1321—l325 (1988)). In addition, 
speci?c endoprotease cleavage sites can be introduced, if 
desired, between a reporter group and amino acid sequences 
of a peptide to facilitate isolation of peptides free of irrel 
evant sequences. In order to success?illy desensitize an 
individual to a protein antigen, it may be necessary to 
increase the solubility of a protein or peptide by adding 
functional groups to the peptide or by not including hydro 
phobic regions such as hydrophobic T cell epitopes. 
To potentially aid proper antigen processing of T cell 

epitopes within a peptide, canonical protease sensitive sites 
can be recombinantly or synthetically engineered between 
regions, each comprising at least one T cell epitope. For 
example, charged amino acid pairs, such as K or RR, can 
be introduced between regions within a peptide during 
recombinant construction of the peptide. The resulting pep 
tide can be rendered sensitive to cathepsin and/or other 
trypsin-like enzymes cleavage to generate portions of the 
peptide containing one or more T cell epitopes. In addition, 
such charged amino acid residues can result in an increase 
in solubility of a peptide. 

Site-directed mutagenesis of DNA encoding a peptide or 
protein of the invention (e.g., Sor h I or a fragment thereof) 
can be used to modify the structure of the peptide or protein 
by methods known in the art. Such methods may, among 
others, include PCR with degenerate oligonucleotides (Ho et 
al., Gene, 77:51-59 (1989)) or total synthesis of mutated 
genes (Hostomsky, Z. et al., Biochem. Biophys. Res, Comm. 
161210564063 (1989)). To enhance bacterial expression, 
the aforementioned methods can be used in conjunction with 
other procedures to change the eukaryotic codons in DNA 
constructs encoding protein or peptides of the invention to 
ones preferentially used in E. coli, yeast, mammalian cells, 
or other eukaryotic cells. ' 

Using the structural information now available, it is 
possible to design Sor h I peptides which, when adminis 
tered to an individual sensitive to Johnson grass, in su?icient 
quantities, will modify the individual’s allergic response to 
a Johnson grass pollen allergen. This can be done, for 
example, by examining the structure of Sor h I, producing 
peptides (via an expression system, synthetically or other 
wise) to be examined for their ability to in?uence B-cell 
and/or T-cell responses in sensitive individuals and selecting 
appropriate peptides which contain epitopes recognized by 
the cells. In referring to an epitope, the epitope will be the 
basic element or smallest unit of recognition by a receptor, 
particularly immunoglobulins, histocompatibility antigens 
and T cell receptors where the epitope comprises amino 
acids essential to receptor recognition. Amino acid 
sequences which mimic those of the epitopes and which are 
capable of down regulating allergic response to Sor h I can 
also be used. 

It is now also possible to design an agent or a drug capable 
of blocking or inhibiting the ability of Sor h I to induce an 
allergic reaction in sensitive individuals. Such agents could 
be designed, for example, in such a manner that they would 
bind to relevant anti-Sor h I IgEs, thus preventing IgE 
allergen binding and subsequent mast cell degranulation. 
Alternatively, such agents could bind to cellular components 
of the immune system, resulting in suppression or desensi 
tization of the allergic response to Johnson grass pollen 
allergens. A non-restrictive example of this is the use of 
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appropriate B and T-cell epitope peptides, or modi?cations 
thereof, based on the cDNA/protein structures of the present 
invention to suppress the allergic response to Johnson grass 
pollen. This can be carried out by de?ning the structures of 
B- and T-cell epitope peptides which a?ect B- and T-cell 
function in in vitro studies with blood components from 
Johnson grass pollen sensitive individuals. 

Protein, peptides or antibodies of the present invention 
can also be used for detecting and diagnosing sensitivity to 
Johnson grass allergens. For example, this could be done by 
combining blood or blood products obtained from an indi 
vidual to be assessed for sensitivity with an isolated anti 
genic peptide or peptides of Sor h I, or isolated Sor h I 
protein, under conditions appropriate for binding of com 
ponents in the blood (e.g., antibodies, T-cells, B-cells) with 
the peptide(s) or protein and determining the extent to which 
such binding occurs. Other diagnostic methods for allergic 
diseases which the protein, peptides or antibodies of the 
present invention can be used include radio-allergosorbent 
test (RAST), paper radioimmunosorbent test (PRIST), 
enzyme linked irnrnunosorbent assay (ELISA), radioimmu 
noassays (RIA), immuno-radiometric assays (IRMA), lumi 
nescence immunoassays (LIA), histamine release assays and 
IgE immunoblots. 
The DNA used in any embodiment of this invention can 

be cDNA obtained as described herein, or alternatively, can 
be any oligodeoxynucleotide sequence having all or a por 
tion of a sequence represented herein, or their functional 
equivalents. Such oligodeoxynucleotide sequences can be 
produced chemically or enzymatically, using known tech 
niques. A functional equivalent of an oligonucleotide 
sequence is one which is l) a sequence capable of hybrid 
izing to a complementary oligonucleotide to which the 
sequence (or corresponding sequence portions) of FIG. 5, 
SEQ ID NO: 1, or fragments thereof hybridizes, or 2) the 
sequence (or corresponding sequence portion) complemen 
tary to FIG. 5, SEQ ID NO: 1, and/or 3) a sequence which 
encodes a product (e.g., a polypeptide or peptide) having the 
same functional characteristics of the product encoded by 
the sequence (or corresponding sequence portion) of FIG. 5, 
SEQ ID NO: 1. Whether a functional equivalent must meet 
one or both criteria will depend on its use (e.g., if it is to be 
used only as an oligoprobe, it need meet only the ?rst or 
second criteria and if it is to be used to produce Sor h I 
protein, it need only meet the third criterion). 

This invention is further illustrated by the following 
non-limiting examples. 

EXAMPLES 

A. MATERIALS 

1. Plant Material 

Seeds of Johnson grass, Sorghum halepense, were kindly 
supplied by Mr. P. Taylor, School of Botany, University of 
Melbourne. The seeds were planted and grown in a glass 
house. Anthers were collected from newly ?owering spikes 
using ?ne forceps. 

Vegetative tissues such as leaves and roots were obtained 
by germinating the seeds on moist ?lter paper (Whatman 3 
mm, Whatman Inc., Clifton, N.J.) and growing them for 2—3 
weeks, until the seedling were 6—7 cm tall. The roots and 
leaves were removed using ?ne forceps, placed into plastic 
tubes and frozen in liquid nitrogen. They were stored in 
liquid nitrogen till required. 
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Dry stored pellens of Johnson grass studied during the 

course of this work were purchased from Greer Laboratories 
(Lenoir N.C., USA), Hollister-Steir (Spokane, Wash, USA) 
and Biopol Laboratories (Spokane Wash, USA). 
2. Commercially available materials 
The messenger RNA puri?cation kit, You-prime cDNA 

synthesis kit, T7 polymerase sequencing kit Deeaza T7 
polymerase kit, Gene Ataq sequencing kit and the deoxy 
nucleotides (dNTPs) were purchased from Pharmacia 
(Upsalla, Sweden). The oligo-labelling kit was from 
Bresatec (SA, Australia). Glutagene Glutathione S-trans 
ferase cloning and sequencing kit was purchased from 
Amrad Corporation Ltd, (VIC, Australia). Mouse mono 
clonal isotyping kit and the intense BL silver enhancement 
kit were from Amersham International (UK). The 7\. gtll and 
Packagene extract system, pGEM-4Z plasmid system, pro 
moter primers Sp6, T7 and T3 were purchased from 
Promega Corporation (Madison Wis., USA). Sequagel 
sequencing system was purchased from National Diagnos 
tics (Manville, N.J., USA). 

All restriction enzymes were purchased from Promega 
and Pharmacia and used under the conditions recommended 
by the manufacturer. The materials and chemicals used in 
oligonucleotide synthesis were from Pharmacia (Upsalia, 
Sweden). Agarose was from Promega and low melting 
agarose was from Bethesda Research Laboratories (Gaith 
ersburg, Md., USA). 
3. Monoclonal antibodies 
Some of the monoclonal antibodies used in this study 

were kindly made available by other researchers. FMC-Al 
(40.1) and FMC-A7 (12.3) were provided by Dr. I. Smart, 
Flinders Medical Centre, (Adelaide SA, Australia). New 
data indicated that the original FMC-Al preparation may be 
polyclononal rather than monoclonal. One antibody in the 
FMC-Al preparation appeared to be speci?c for Lol p Ia, 
while a second antibody appeared to be speci?c for Lol p Ib, 
which May indicate polyclonality in this antibody prepara— 
tion. The antibodies 21.3 and 3.2 against rye-grass Group I 
allergens, were provided by Dr. D. G. Marsh, Johns Hopkins 
Asthma and Allergy Centre (Baltimore, Md., USA). The 
antibodies LpIX-3A and LpIX-4A were produced as 
described in section 13 below. The monoclonals CdI-lDl, 
CdI-3A2 and CdI-4D2 were raised against the Group I 
allergen of Bermuda grass Cynodon dactylon and made 
available by Miss P. M. Smith (University of Melbourne, 
Melbourne, Australia). The mAb against chicken thymus 
was provided by Dr. John Pettit, Alfred Hospital (Mel 
bourne, VIC Australia). 
The horse radish peroxidase (HRP) conjugated sheep 

antimouse antibody was purchased from Silenus (Mel 
bourne, VIC, Australia) and the HRP-goat anti-rabbit anti 
body was from Promega. The rabbit antihuman IgE antibody 
was purchased from Dakopatts Corporation (Carpinteria, 
Calif, USA) and the 125I-labeled goat anti-human IgE was 
from Kallestad Laboratories (Chaska Minn, USA). 
4. Human serum 
The sera were donated by allergic and non-allergic indi 

viduals and collected, after informed consent, by medical 
practitioners. The allergic individuals showed typical symp 
toms of seasonal hay fever and asthma during the grass 
pollen season and gave a positive response to skin prick tests 
with grass pollen extract. The sera were assayed for IgE 
reactivity with soluble proteins of rye-grass pollen on West 
ern blots. 

B. METHODS 

1. Protein isolation 
Soluble proteins were extracted from the grass pollen by 

vigorous shaking in phosphate buffered saline (PBS; 150 
mM NaCl, 16 mM Na2HPO4, 4 mM NaHPO4, pH 7.2) 
containing 1 mM phenylmethylsulfonyl ?uoride (PMSF) on 
ice for 3 hours. The solution was cleared by centrifugation 
at 2500 rpm at 4° C. for 20 minutes and the supernatant 
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collected. Protein concentration was determined using the 
Bio-Rad (Richmond, Calif, USA) micro protein assay and 
bovine gamma globulin standards. The proteins were ali 
quoted and stored at —20° C. 
The vegetative tissues (leaf, roots and seeds) were col 

lected and immediately frozen in liquid nitrogen. They were 
ground to a ?ne powder using a mortar and pestle, while still 
frozen. The proteins were extracted by adding PBS contain 
ing 1 mM PMSF and shaking on ice for 1 hour. The 
supernatants were clari?ed by centrifugation at 2500 rpm. 
The samples were stored at —20° C. after the protein 
concentration was determined as described above. 
2. SDS-PAGE 
Sodium dodecyl sulphate polyacrylamide gel electro 

phoresis (SDS-PAGE) was performed using a resolving gel, 
a 4% stacking gel and the Laemmli buffer system (Laemmli, 
Nature 227:680, 1970). The gels were calibrated using either 
low molecular weight markers (Pharrnacia, Upsalla, Swe 
den) or Bio-Rad (Richmond, Calif.) pre-stained low molecu 
lar weight markers. Samples for electrophoresis were diluted 
1:1 in SDS/reducing sample buffer (62 mM Tris pH6.8, 
0.2% SDS, 50 mM DTT, 10% glycerol and bromophenol 
blue) and boiled for 5 minutes prior to loading. 
When a gradient SDS-PAGE was conducted, a 10-15% 

resolving gradient gel was cast utilizing a peristaltic pump 
and a Bio-Rad (Richmond, Calif.) Protean H slab gel appa 
ratus. The gels were 140 mm><115 mm and 1.5 mm in 
thickness. The gels were loaded with appropriate amount of 
protein and run at constant current, 20 mA/gel for 1 hour 
then 30 mA/gel until the dye front was approximately 1 cm 
from the end of the gel. 
When 12% resolving minigels were conducted, they were 

cast utilising a Bio-Rad Mini-Protean II apparatus. The gel 
dimensions were 80 mm><73 mmx 1 mm. Electrophoresis 
was performed at constant voltage of 200 V per gel for 
approximately 1 hour. 
The proteins separated by SDS-PAGE were visualized by 

Coomassie brilliant blue R250 staining (0.2% weight for 
volume Coomassie brilliant blue R250, 50% methanol, 10% 
glacial acetic acid) for 1 hour then destained in a solution 
containing 10% acetic acid, 5% methanol and 3% glycerol. 
3. Western blotting 

Proteins separated by SDS-PAGE were electrophoreti 
cally transferred from the gel onto nitrocellulose membrane 
(0.45 pm, Schleicher and Schuell, Dassel, Germany) accord 
ing to the procedure of Towbin et al., (Proc. Natl. Acad. Sci 
USA 76:4350-4354 (1979)) in a Bio-Rad transblot cell 
containing transblot buffer (20 mM Tris, 150 mM glycine, 
20% methanol). 
The transfer conditions for gradient gels were constant 

voltage of 150mA overnight at 4° C. and for the minigels 
constant current of 200 mA for 2-3 hours at room tempera 
ture. 
4. Slot immunoblotting 

For slot immunoblots, 100 pl sample containing 2 pg of 
total pollen protein was applied to the nitrocellulose mem 
brane using a Minifold H slot blotting apparatus (Schleicher 
and Schuell, Keene, N.H.). This was washed in PBS and 
blocked in the same buffer containing 10% low fat milk 
powder and screened as described below. 
5. Immunological screening of proteins 
The following procedures were used for the immunologi 

cal screening of any protein immobilized on a nitrocellulose 
membrane. This included Western blots, protein plaque lifts 
and protein dot blots. 

(i) Screening with monoclonal antibodies 
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The nitrocellulose membrane was incubated in 10% non 

fat milk powder in PBS for 1 hour in order to block 
additional protein binding sites. The membrane was then 
washed four times in PBS, placed in appropriate antibody 
solution diluted in PBS containing 0.5% bovine serum 
albumin (BSA). The membrane was incubated at room 
temperature for l—2 hours. The membrane was washed, once 
in PBS with 0.1% Tween 20 (TPBS) and twice in PBS, and 
incubated in appropriate HRP conjugated second antibody 
for 1 hour. The second antibody was either HRP anti-mouse 
(Silenus, Melbourne, VIC, Australia), diluted 1:500 in PBS 
0.5% BSA or HRP anti-rabbit (Promega, Madison, Wis.), 
1:2500 dilution in PBS-0.5% BSA. The membrane was 
washed twice in TPBS, twice in PBS and the colour devel 
oped at 37° C. by adding peroxidase substrate 4-Chloro-1 
naphthol (Sigma Chemical Co., St. Louis Mo., USA). 

(ii) A?inity puri?cation of IgE antibodies 
Af?nity puri?ed IgE antibodies reactive with puri?ed 

cDNA clones of Johnson grass obtained as described in 
Sections 6-12 were obtained. The cDNA clones in 7» were 
densely plated out and fusion protein production induced by 
overlaying the plates with isopropyl-B-D-thiogalactopyra 
noside (IPTG) impregnated nitrocellulose membranes (0.45 
pm, Schleicher and Schuell, Keene, N.H.). The membranes 
containing the recombinant protein, were then blocked in 
10% milk powder, washed and incubated overnight in 
pooled allergic sera, which had already been incubated with 
E. coli extract. The membranes were washed twice in TPBS 
and then with PBS only. The bound IgE antibodies were 
eluted with 0.1M glycine hydrochloride, pH 2.6, containing 
1% BSA. The puri?ed antibodies were used to probe West 
ern blots. Binding of the IgE was visualized using 125I 
labelled goat anti-human IgE followed by autoradiography 
as described in the previous section. 
6. Isolation of total RNA 
The procedure used for the isolation of total RNA from 

Johnson grass was a modi?ed version of the guanidinium 
isothiocyanate method of Chomczynski and Sacchi (Anal. 
Biochem 162: l56—159 (1987)). Fresh or stored tissues from 
pollen, leaves, roots or other plant tissues were ground to a 
?ne powder in liquid nitrogen in the presence of 5M 
quanidinium isothiocyanate (Fluka, FRG) in 0.05 M Tris 
HCl pH 7.0, 0.05 volume of pure B-mercaptoethanol (2ME 
Kochlight Ltd.) and 0.1 volumes of 5% Sarcosyl. The slurry 
was centrifuged at 7000><g for 30 minutes, supernatants 
decanted into polyallomer Beckman quick-seal ultracentri 
fuge tubes (Beckman, Palo Alto Calif, USA) (16x76 mm) 
underlaid with a 3 ml CsCl cushion (5.7M CsCl in 0.1M 
EDTA; density=1.7l g/ml). After centrifugation in a Ti 70.1 
rotor in a Beckman L8-70 ultracentrifuge at 40,000 rpm for 
20 hours at 20° C., supernatants were aspirated to the 
cushion interface and the tubes inverted. The RNA pellets 
were air dried brie?y, resuspended in 0.05% SDS then 
extracted with an equal volume of phenol to remove con 
taminating proteins. The RNA was then precipitated with 0.1 
volumes of 3M sodium acetate and 2.5 volumes 100% 
ethanol overnight at —70° C. and resuspended in TE buffer. 
The concentration of the RNA was determined by spectro 
photometric reading at 260 nm. 
7. Isolation of mRNA 

Messenger RNA was a?inity puri?ed from total RNA 
using a Pharrnacia (Upsalia, Sweden) mRNA puri?cation 
kit. The total RNA sample in 1 ml of TE buffer was heat 
denatured at 65° C. for 5 minutes and placed on ice. The salt 
concentration was adjusted to 0.5M NaCl and the entire 
sample was applied to the oligo-(dT)-cellulose spun column 
which had been pre-equilibrated with high salt buffer (0.5M 
































